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Plant Regeneration from Mesophyll Protoplasts in Lilium loη:giflorum 
I. Conditions for Division 
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Summary 
Conditions for division of mesophyl1 pr前 oplastsin Lilium long択orumwere examined. N ew 
culture method， 2-layεr agarose cultur・巴， was developed， and cel1s could be divided 巴venat low 
rate. Cel1 density at 105/ml was adequate for viability of protoplast. Lowering of medium pH 
seemed to be suppressible for cel1 division. Application of 2-(N -morpholino) ethanesulfonic acid 
to medium for suppression of pH lowering， was eff巴ctivεfordivision. Cel1 division was attained 
to 6% by osmolarity at 0.35 osmol/kg and addition of 2， 4-dichlorophenoxyacetic acid. Dilution 
of nitrogεn in culture medium was most effective， and about 10% of cells could be divided and 
proliferated to 10-c巴1stage. 












* Present address: Radiation Effects Research Foundation 






















基本培地としては MS培地を用い，これに 3%ショ糖， 10μMのNAA，10μMのベンジルア



































Table 1 Effects of culture methods and gel-
ling agents on viability of protoplasts. 
Culture Gelling Viability 
method agent (%) 
MDA method Gelrite 82 
Agar 15 
Agarose 68 
Plate method Gelrite 84 
Agar 22 
Agarose 76 
Material plants were pr日一treatedfor 24 hr with 
dark conditions at temperatu向。f40C. The 
leaf segments from und巴r30mm length leaves 
W己reincubat巴dfor 3.5 hr with MS medium 
(osmolarity was at 0.4 osmol/kg) containing 0‘ 
5% macerozyme and 1% cellulase. The proto-
plasts were cultured for 3 weeks on the MS 
medium containing 3% sucrose， 4.5% glucose， 
1JLM of serin己， 10μMof proline， putr巴scineand 
spermidine， 100μM of glutamine， asparagine 
and sp巴rmine， 100mg/ _e of garactosε， 
arabinose， fractose， mannose and xylose (os-
molarity was at 0.3 osmol/kg). 
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Fig. 1 Effects of agarose concentrations on 
viability of protoplasts. Isolation and 
culture conditions were same as Table 1 
Plate method was used as protoplast 
culture， and 0.1 (ム)，0.2(8)，0.4 (0)， or










Table 2 Effect of culture method on viability 
and division of protoplasts. 
Culture method Viability(%) Divおion(%)
MDA method 68 0 
Plate method 76 0 
2-layer method 85 0.6 
Isolation and cultur巴 conditionswere same as 
Table 1. 
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Table 3 Effect of cel density on viability 6 
and division of protoplasts 
Cell d日nsity Viability Division 
(X10'/mQ) (%) (%) 
1 62 。
3 82 。
10 94 0.8 
30 48 。
Protoplast culture was carried out by 2-1ayer 
culture. Other isolation and culture conditions 
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Fig. 2 Changes in the pII in medium during 
protoplast culture. Isolation and culture 
conditions were sam巴asTable 1. Two 
layer method was usεd as protoplast 
culture. B; indicates pH before autoclav. 














Table 4 Effect of pH in m巴diumon viability and division of protoplasts. 
pH in m吋mm Division (%) 
B日fore After 
Viability 
(%) 2 cells 3 cells~ 
autoclaving autoclaving 
5.2 4.9 70 。 。
5.7 5.2 92 0.8 。
6.2 5.6 92 0.9 。
6.7 6.0 94 5.4 0.1 
7.0 6.4 88 。 。
Protoplast culture was carried out by 2-1ayer cultur巴 andprotoplast 
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Fig.3 Effect of 2-(N-morpholino) eth勾
anesulfonic acid (MES) on pH in 
medium噌 Isolationand culture condi 
tions were same as Table 1. Two-layer 
method was used as protoplast culture 
Various concentrations of MES w芭re
added to the medium. 0; 20 mM， .;10 
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Fig. 4 Effect of 2-(N -morpholino) eth】
anesulfonic acid (MES) on division of 
protoplasts. Isolation and culture condi-
tions wer巴sameas Table 1. Two-layer 
method was used as protoplast culture. 
After 3 w巴告ksof culture， divided cells 
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Fig. 5 Effect of osmolarity on diameter and 
division of protoplasts. Isolation and cul-
ture conditions were same as Table 1. 
Two-lay巴rmethod was used as protoplast 
culture. After 3 we巴ksof culture， divided 













についても再検討した.Table 5に示すように， NAAの代りにし 4 ジクロロブエノキシ酢酸
( 2， 4 -D)を用いることによって，細胞肥大化の抑制と細胞分裂の促進がみられた.
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Table 5 Effect of auxin on viability， diameter and division of protoplasts. 
Auxin 。iameter Viability Division (%) 
concentrationa) (μM) (μm) (%) 2 cells 3 cells~ 
NAA 。 129 78 1.3 。
102 82 1.7 。
10 83 88 3.2 0.1 
30 75 80 1.9 0.1 
2，4-D 0.1 91 91 6.0 0.9 
86 86 3.5 0.2 
10 86 86 3.2 。
Protoplast culture was carried out by 2-1ayer culture and protoplast 
density was 105/宜12.Oth巴risolation and culture conditions were same as 
Table 1. 
a)Benzyladensine (10μM) was simultan巴ouslyadded to the m巴dium
6 .細胞分裂に対する培地の盛紫濃度。っ影響
以上の検討の結果，分裂率は 6%にまで向上した.しかしながら， 3細胞以上にまで分裂す























Table 6 Effect of dilution of nitrogen in culω 
ture medium on division of proto-
plasts. 
Nitrogen Division (%) 
concentration (mM) 2 cells 3 cells~ 。 7.6 0.1 
6 9.0 0.2 
12 9.8 2.1 
24 9.2 1.2 
36 8.6 0.8 
48 7圃6 1.0 
60a) 6.1 0.9 
Protoplast culture was carried out by 2-layer 
cultur巴， 0.1μMof 2， 4-D and 10μM of BA was 
added to the medium， protoplast density was 
105/mi? Oth巴risolation and cultur邑conditions
were same as Table 1. 
a)Control MS medium contained 60 mM nitro-
た.培養中のpH低下が分裂を抑制していると gen. 
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Fig. 6 Division of protoplasts. Isolation and culture conditions wεre same as Table 1. Two-
layer method was used as protoplast culture. A; isolated protoplasts， B; divided cel in 
day 5， C;3 cells in day 6， D; 10 cells in day 7. Bars=20μm. 
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